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ASSESSMENT OF RISK FROM LOW DOSES; 
Contribution of Epidemiology 
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W hen the cause of disease is a stochastic process, exposure to it may ipcre&Be the 
ri&k in linear proportion to lift amount of exposure down to vanishingly low 
doses, unless there is some biological mechanism that prevents or eliminates 
the effect. Epidemiology cannot determine whether or not aa effect is produced at very low 
doses. What it can do is to (t) provide quantitative evidence of an effect at lower doses than 
is generally possible in the laboratory, (li) check that postulated, biological models have 
not tindirtstlifaeted the effect at low doses, and (lii) indicate the relative aiisoeptibllity of 
laboratory animals and humans. Observations on humans exposed to iouisng radiation 
apd lobaccc smoke provide examples of ail three use?. 
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INTRODUCTION 

The asafcssment of risk from low doses is exempli On ally 
difficult. Like THurber. who tossed and turned in bed 
worrying over a problem for many minutes, which w»$ 
all be could manage without falling asleep, I have 
worried over how I could introduce '.bis discussion in a 
simple and arresting way. I gave lip, however, because I 
could no*, construe-, an appropriate sentence without 
menu on inn. cause, end this, unqualified, would be liable 
to be misunderstood. For I should have to use ‘cause’ in 
its epidemiological sense of an agent that j? associated 
with a disease in such a way that, over a wide range of 
exposures, increased exposure to it is associated with ftn 
increased risk and decreased exposure with a decreased 
risk. 

The difficulty With the assessment of the effect Of low 
doses arises when the cause of disease, so defined, exerts 
its effect by means of a stochastic process. This implies, 
oih«r things being equal, tbal with low doses the risk 
produced will be linearly proportional to the amount of 
exposure down to near 2 ero, Such processes, it seems, are 
responsible for the production of cancer, of genetic 
mutations leading id hereditary disease, and of some 
congenital anomalies, including perhaps roipc types of 
impaired intelligence, and for these conditions we are 
cnmiandy Faced with the problem of deciding whether 
linearity continues to hold at very low levels or whether 
tlmrc is some biological mechanism—for sample, an 
error-free repair mechanism or a stress reaction—that 
modifies or aver* eliminates the effect. 


Win! Epidemiology Can DO 

EpidEmiology cannot soive this problem.but it can do 
three tilings. Firstly, it can provide quantitative evidence 
to test the validity or any proposed biological model til 
moderate doses; that is, doses that may increase the risk 


of a common disease by, say, 20 to 100%, $uch doses aye 
often much smaller than can be tested in the laboratory, 
because cpidE.micjlOfiical observations can be made on 
much larger numbers of people in society than of animals 
in the laboratory. Secondly, epidemiology can check that 
at lowfcr levels the postulated bioiagice: model has not 
substantially underestimated the risk. Thirdly, and most 
importantly, it can demonstrate the relative fiuncepiibllil.y 
of laboratory animals and Inimans; for without some 
epidemiological evidence, any quantitative extrapolation 
from animal experiments can be only guesswork, even if 
humans and the laboratory animals can be shown to 
read to the cause and absorb, metabolize, and excrete ii 
in similar ways. 

Id this paper, I shall provide- some examples of those 
contributions and their statistical and logical limitations, 
using data relating to the wa causes of disease for which 
we have the largest amount of quantitative; data: namely, 
ionizing radiation and tobacco smoke, 

IONIZING RADIATION 
Model for Carcinogenesis 

One of the finest sets of quantitative epidemiological 
data that has ever been obtained is that obtained by the 
Life Span study of 80.000 survivors of the Hiroshima and 
Nagasaki explosions 5,5 . This has provided tancer inci¬ 
dence and mortality data that can be related to doses of 
radiation estimated separately for each individual, as a 
result o*f a detailed study of his or her precise location 
and potential shielding at the time of the explosions, 
combined with the results of experimental explosions. 
The latest findings 3 '*, based or. nearly 9000 costs, of 
which some 600 were caused by the radiation, provide 
strong support for a linear dase-reeponse relationship for 
cancers other than jmkaeroih between 0,2 and 4 Sv. With 
exposures less than. 0.2. Sv, the Incidence is not signifi¬ 
cantly increased, but h is possible to test how well the 


ss 



PM3003530440 


Source: https://www.industrydocuments.ucsf.edu/docs/tknj0001 




WSA NEUCHATEL CH 


KING VAUERIE 


13 003 


23/05 *'00 MAR 15:12 FAX 41 32 888 57 76 
I 







ASSESSMENT OF RISKS FROM LOW DOSES S9 


data could be lined with a linear quadratic relationship 
that waujd allow the risk at lower doses to be 
proportionately somewhat Jess than that extrapolated 
from highor doses, as in vitro experiments suggest is likely 
to be the ease. With adjustment for dosimetry errors, 
which it is estimated may be as much as 35% s , the 
maximum likelihood estimate of the low dose reduction 
faetor for cancers other than leukaemia (that is, the 
factor by which the risk eoeffiraent extrapolated from a 
linear relationship cab be divided to give the risk 
coefficient for doses below 0.2 Sv) is 1.05 with a 90% 
confidence interval of 0-6 to 1,6. For leukaemia (other 
than chronic lymphatic leukaemia, which is not caused 
by radiation) the estimate of the reduction factor is 2.5. 
significantly greater than that for other cancers, “'ith a 
90% confidence interval of 1.3 to 8.4®. 


Validity of Model for I.o# Doses 

That a model that lead* to a linear relationship with, a 
reduction factor of about two for low doses does not 
material*' underestimate the risk cats be tested, in the 
case of ionizing radiation, by observation of the 
mortality of radiation workers and, in respect of 
leukaemia, by "-he incidence of the disease in young 
people in parts of the world that have had unucual 
amounts of fallout from the testing of nuclear weapons 
and have had reliable cancer registration data dating 
back before the maximum fallout occurred. 

Observations on a sufficiently large number of workers 
for any likely exacts to be delected have recently been 
reported by a study group pf the luijcruaiiona] Ageudy 
ibr Research on Cancer 7 which has brought together, in 
a comparable way. observations on nearly 100,000 
radiation workers (over 80% male} ia Canada, the VS 
and the UK over periods up to 42 years. The workers 
received a dose 6f 40 mSv on average (mala workers 
IfimSv) buL the dose distribution was very skewed, 60% 
receiving jess than IOmSv and Jess titan 2% more thin 
400 m$v, The results, expressed in terms of excess relative 
ripks per Sv, are summarized in Table 1, For leukaemia, 
ifie regression coefficient of the excess relative risk was 
2.1SSv _1 with a 90% confidence interval or O.i-'to 
5.7Sv _] , This is intermediate between the hast estimates 
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for male atomic bomb survivors exposed between 20 and 
60 years of age, as derived by the International Agency 
for Research on Cancer using a linear model, and the 
preferred linear-quadratic model. For fatal cancers other 
than leukaemia there was no exosss, but the 90% 
confidence limits of the regression coefficient eomfona- 
bJy embraced that for man exposed to the atomic bombs 
at similar ages, on the assumption of a linear relationship 
with dose over the range of 1 mSv to 4 Sv, and even more 
comfortably if some reduction factor for low doses is 
allowed. 

Similar observations on tbe effects of fallout in large 
population? have bees obtained in two studies. Ip odc, 
the incidence of leukaemia was examined in Utah, the 
urea most exposed 10 fallout From the weapon testing in 
Nevada in the early 1930s a . In the 10 years fallowing 
exposure, a significant excess (p < 0.02) was found ip 
young people under 20 years of age exposed to rec 
marrow doses estimated to have bun between 3 and 
26 m<3y, depending on their place of residence. Tlfi? led 
to an estimate of risk 9 -bout twice that predicted from the 
Japanese experience, but not significantly different from 
it. The other set of dale., the incidence of leukaemia in 
children under 15 years of age in the five Nordic 
countries over the period 1948 to 1987 s , showed a 
slight excess in the 7 years following exposure in those 
who were exposed to high levels of fallout (averaging 
0.3 mGy a year to the bone marrow for up lc 4 years) 
compared to children who experienced Only medium 
exposure? (averaging 0.1 rnGy a year). This led to an 
estimate of risk that wtj just statistically significant 
ip —0.05) And again about twice tihaL predicted from the 
Japanese data, hui not 6ig;uflcantly different from it. 

These three sets of observations extend the evidence 
for a leuk&£magenic effect down from 200 to about 
) uiGy and give some support to tba concept of 
extrapolating from higher doses using a linear-quadratic 
model. The one Set that provides data for other fatal 
cancers serves only to show that linear extrapolation 
dose not cause the risk to be substantially under- 
estimated. 

Species Differences in Susceptibility 

These observations have not been used to examine 
differences in susceptibility between humans and labora¬ 
tory animals, presumably because direct observations on 
humans were already becoming available when tbe need 
for determining the risk at low dose* came to be felt- The 
same was not true, however, for genetic mutations, as the 
only observations that seemed likely to be available for 
many years, when tbe need for them was fafl. w- r; those 
for laboratory animals and plants. These led the Medical 
Research Council to conclude in 1956 that Lbe dose 
required to double the normal incidence of genetic 
iputaticnr was 0.3 to 0.8 Gy 10 , Since then, observations 
have been made on ths prevalence of congenital 
anomalies. the sex ratio at birth, stillbirth and neonatal 
death ralesS. birth weight, md anthropoipbtric measure¬ 
ments in infancy for fitJ children born in the two bombed 
cities and have Subsequently been extended to include 
studies of cancer incidence, cytogenetic changes, and 
mutations altering the electrophoretic inability or 
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aetivjiv of 30 proteins, tity arc now being extended 
further to include studies of constellations of ivmpbocy- 
toid call liner from irradiated and control parents and 
their children, 

By 19W, no statistically rignifi^nl effects had been 
seen with any of eight indicators. The regressions do dose 
for si* of them are shewn in Table 2. For three of them 
the direction of Iho trend is contrary to what 'would be 
expected from damage io parental gsrm cells. The other 
twp indicators cannot be easily sunanariaetl in the same 
way. One—balanced structural rearranges cm of chro¬ 
mosomes—was scan less often in children of exposed 
parents than in children of controls. The ether—tha 
frequency of do nava protein mutants—has so far been 
one in each group' 1 . Not all these indicators have an 
equal contribution from Spontaneous mutations a nd 
Neel et ai. calculate that the most probable dose of acute 
low LBT radiation required to double the mutation rate 
is between 1 .7 and 2.2 Gy 15 , For io* 1 dose raws exposures, 
mouse experiments suggest that the effect should be 
halved, leading to & doubling doss of the order of 4 Gy or 
mow^five timet the upper limit of the MP-C's estimate 
based an studied of other species. Humana, it seems, arc 
Appreciably less susceptible to the induction of genetic 
nnjw.tio»5 by ionizing radiation than was originally 
estimated from experiments on laboratory animals. 

tobacco smoke 
Dose Response Relationship 
Tobacco smoke is a complex agent containing some 
4000 identified chemicals, but the observations of its 
quantitative effect are nevertheless of some general 
scientific, as well as public health, interest. Case-concrol 
And cohort studies have both suggested that for lung 
cancer—for which cigarette Smoking has been princi¬ 
pally responsible in all developed countries, causing up 
io 95% of cases in men—the risk is ibearty proportional 
in tbs number of cigarettes smoked per day, down to the 
lowest level observed in regular cigarette smokers: 
namely, one to Pour a day. One could hardly expect to 
see a much better fit to a linear relationship in any 
biological experiment than tbt mortality rates observed 
in cohorts of British dpCtpr$ who said they were fpnpking 
different Amounts 13 , Yet the conclusion (hat there is such 
£ relationship is almost certainly wrong; for the 
determination or an individual’s exposure by his 
response to a question about the number of cigarettes 
smoked per day is too inaccurate, Even if we leave aside 

Tcble 2. Itcftraoiian on i,rnv_r. date of K.K indicators or genetic damage 
teller Ned C" lit 13 ). 
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the problem of (he distribution of the smoke droplets on 
tht bronchial mucosa, there is the fact that the amount 
smoked per day, though after, remarkably constant over 
many years, does change with time. In oizr study, it so 
happened that wr bad information about the amount 
individuals smoked on several occasions and we were, 
therefore, able to examine the relationship after elim¬ 
inating men who reported differences in consumption of 
more than five cigarettes a day on different occasions 1 J . 
The doaa-reapome relationship waA then better fitted by 
a quadratic relationship. The reason for tie difference is 
easy to understand, for when only the last report of the 
amount smakAd is taken into Consideration the group of 
very light smokers will Include some man who used to 
smoke more but have reduced their smoking, which will 
have inflated li>* risk, while the group of Vary heavy 
smokers will include some man who used to smoke less 
but have increased their smoking, which wiLl have 
reduced the risk. The observations on cigarette smokers 
provide a particularly glaring example of the way errors 
in the measurement of exposure distort the observed 
doae-response relatioPSlup, but the effect, is of relevance 
to many other situations; namely, that errors in the 
assessment of measurement will not e"ly diminish tim 
regression of risk on recorded doss but will also tend to 
make a higher powered relationship appear linear. 

Effect of Environmental Smoke 

In. the ca£3 of tobacco smoke this finding, that the risk 
of lung center may bs proportional to (he square of tb£ 
number of dgareues smoked pur day rather than io the 
number itself, makes good sense, as tobacco smoke has 
both miti&tidg and promoting qualities. It else has 
obvious implications for the estimate of Lie effect of 
environmental tpb?«ri smoke. Eleven years ago, whan 
itrivironmenlal tobacco smoke was more common than it 
is today, Jarvis er at- estimated from blood levels of 
cotirtine, a metabolite of nicotine with a relatively long 
biological half-life, that tbc average so-called 'passive, 
smoker’ inhaled each day smoke equivalent to about one 
tenth of a cigarette, as smoked by an active smoker^. 
The life-rime risk of environmental smoke, as Estimated 
by extrapolation from the quadratic relationship 
observed in active smokers, would then be very 
small 11 —about 3Q% Df that in non-smokers and 
substantially less than the 30% estimated from the 
case-control studies in which the risk of nan-smokers 
married to smokers is compared with that of non- 
smokers married lo non-smokers 11 . 

The conclusion drawn by extrapolation from the 
results observed in active smokert was of some impor¬ 
tance as it was argued by apologists for smoking that the 
risk estimated from ease-control studies was biased by 
irirOrt in the smoking history of noc-miokcrs, self- 
reported non-smokers marrisd to smokers bring postu¬ 
lated (nbt unreasonably) to have included a higher 
proportion of people «*ho bad smoked to some extent in 
the past than those married to non-smokers. I doubt, 
however, if extrapolation from the experience df active 
smokers is justified; not because of doubt about the 
nature of the dose-response relationship in active 
smokers, but because the physical and biochemical 
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differences between active and passive seeking are tco 
great,. EsbaJed smoke not only undergoes chemical and 
physical changes in the atmosphere, but it is inhaled by 
passive smokers more deeply than by active smokers. It 
cannot, therefore, be assumed that the carcinogenic 
cffeci on the bronchi, which is dependent on the 
deposition of tar droplets on the bronchial mucosa, 
bears the suns proportion to the blood cotinimr level in 
passive smokers as in active smokers. The only way we 
can assess the effect pf passive smoking is by case-control 
or cohort studios of passive smokers themselves. As the 
risk is certain] y very small this, in effect, means by ease- 
control studies. Dr Coggon discusses the hazards of bias 
and conJciundiiif! in case-control studies elsewhere in this 
issue 1 ', and 1 will, therefore, say only that bj this Case 
confounding in unlikely to be a problem, that Wald-at al. 
have shown that recall bias cannot be quantitatively 
sufficiefl; to account for the findings 16 , and that a 
reasonable estimate of the effect of environmental 
smoke is that it may have caused a quarter of the lung 
cancers in non-smokers. 


CONCLUSIONS 

Epidemiological observations are, 1 conclude, an 
essential part of our armoury against both environ¬ 
mental hazards and BosisUy disruptive controls. It may 
not often be possible to obtain direct estimates of risk 
down to such low doses as those 1 have discussed, but 
some quantitative estimates based on human data (given 
that the exposures have already occurred) are a fltoSSSSTy 
complement to laboratory evidence at levels below those 
that jive rise to acute toxicity, if sensible decisions arc La 
be reached. 
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